E. histolytica strain HM1-IMSS was cultured in TYI-S-33 medium, supplemented with 10% bovine serum. In vitro susceptibility assays were performed using a method previously described [SD1, SD2, SD3]. Precisely, 4 x 10 4 trophozoites of E. histolytica were incubated for 48 h at 37 ºC with increasing concentrations of synthesized compounds, including NTZ and tizoxanide (TIZ). As the negative control, trophozoites were incubated in culture medium with DMSO used in the experiments. After the incubation, trophozoites were washed and subcultured for another 48 h in fresh medium alone. At the end of this period, trophozoites were counted and the 50% inhibitory concentration (IC 50 ) was calculated by Probit analysis. Experiments were carried out in triplicate and repeated at least twice.
Supplementary Data #5 LIGAND STRUCTURE GENERATION DETAILS
The crystal structure of NTZ was retrieved from Cambridge Crystallographic Data Centre (refcode QUZWOY, CCDC 775321 [45, 46] ) as a 3D template for later conformational rearrangements of 4D-QSAR (conformational search) under Symposar within the BiografX ® package [45, 46] . The other molecules were generated by BioX ® and underwent a conformational search under the Yeti force field (AMBER derivative) [43, SD14, SD15, SD16] . Then Gasteiger partial atomic charges were assigned within the Vega ZZ package [44] .
Supplementary Data #6 DOCKING RESULTS
It is assumed that the common substructure to all 22 compounds reflects the scaffold bearing the pharmacophore (structureactivity relationships). After homology modeling of PFOR as target [50] the compounds were docked as ligands into the active site of TPP in PFOR (Autodock 4.2 [53, 54]) [SD17] .
In general, ligands with a common target may be superposed using their final docked poses from docking simulations (protein based-alignment procedure). The protein-based alignment (PBA) approach for structural superposition is the starting point for 3D-and higher dimensional QSAR modeling. Intriguingly, the ligand binding energies did not reflect the measured activities in all cases. A highly active compound (T03) failed and raises the question whether it can be assumes that the docked poses reflect true binding mode(s) when discrepancies between predicted and measured activities exist (Fig. SD1) ? Inversely, ligand-based alignments, where all ligands are fitted onto their scaffold, also have some implications: is the scaffold rigid, and how extended is the net of side chains to the scaffold? [SD18] . 
Supplementary Data #7 HIGHER DIMENSIONAL QSAR RESULTS DETAILS
The BiografX ® module Symposar is able to take into account just one conformer per molecule or, instead, each molecule is considered by an ensemble of conformers comprising different orientations and protonation states. This treatment is called the fourth dimension in QSAR techniques [45] ), thereby reducing the bias associated with the choice of the bioactive conformation [80] .
In BiografX ® the 4D-QSAR concept (Symposar) was developed not only to consider local induced fit and hydrogen-bond (HB) flip-flop, i.e. prototropic changes between two HB donors, when one serves as acceptor. This allows the representation of some ligands by a set (or ensemble) of conformation and orientations. The contribution of a single entity within this set to the total ligand-receptor interaction energy is determined by Boltzmann criterion. The three-dimensional surrogate is represented by a family of receptor-surface models, populated with atomistic properties, hydrogen bonds, salt bridges, hydrophobic interactions in addition to solvent-mapping [45] .
5D-QSAR
In the so-called fifth dimension of QSAR modeling an ensemble of different induced-fit ligand-receptor scenarios is included [80] . Even with a set of active conformers at hand (4D-QSAR step), there is still need to improve the ligand-receptor interactions due to the possible adaptations (induced fit) at the binding pocket combined with the individual ligand topologies (4D-QSAR). While Biograf's Symposar work implies the outcome dependency on a single induced fit scenario, the 5D-QSAR module Raptor extends the 4D-QSAR concept by an additional degree of freedoms the fifth dimension which is the data collection of induced fit scenarios all of which merge into a new consensus solution. The authors of the software demonstrated "that the simulated evolution converges to a single model and that 5D-QSARs due to the fact that model selection may vary throughout the entire simulations yields less biased results than 4D-QSAR where only a single induced fit model can be evaluated at a time" [61] .
5D-QSAR EQUATIONS AND PROJECTIONS (SURROGATE, THE HYPOTHETICAL BINDING SITE)
Different views of surrogate active site generated by 5D-QSAR approach (Suppl. Fig. SD3 ). A1, A2: side views, B: top view, C: bottom view, Fig. (6) , which represents the consensus of the three 5D-QSAR equations (equation JL-2. Color code in surrogate active site: Blue: H-bond donor; Red: H-bond acceptor; Brown: Strongly hydrophobic; Yellow: weakly hydrophobic). Supplementary Data #8
PITFALLS DETAILS

Overview Concerning Pitfalls
Among the most dangerous pitfalls of QSAR studies cam be found: (1) descriptor number too large, overfitting; (2) descriptor range too wide, over-weighting; (3) closely related data used for incoherent extrapolation to generate new data, overinterpretation; (4) apparent linear relationships only for a small data range, true parabolic behavior; (5) descriptor redundancy by similarity or reversion, co-linearity; (6) coincidental versus representative test sets; (7) only synthetically feasible series, synthetic bias; (8) unique scaffold superimposition versus multiple binding modes, called structural noise; (9) molecular derivatives with similarity noise; and finally (10) chance correlation in MLR [3] . A more general objective of any QSAR study is to find a predictive rule that performs better than this "no rule at all" guess of using the average. The number of components describing the degree of complexity of the model should never exceed one third of the ligand number in the training set. At some point adding more descriptors corresponds to fitting the data to noise, and the predictive ability begins to diminish.
In order to quantify true ligand-receptor interactions and to avoid that corresponding atoms in homologous series correlate only coincidentally and are mistakenly connected to the biological activity A. Hopfinger and colleagues generated higher dimensional QSAR strategies. Applying the ergodic hypothesis to molecular dynamics in which case one single small molecule can be treated during pico-seconds to simulate realistic conformational behavior of its ensemble, they exclude meaningless conformations by generation of volume occupancy descriptors at the binding site [SD9] .
Pitfall: Common Action Mechanism and Multiple Binding Modes
In absence of crystallographic data, many authors avoid docking and QSAR and switch to virtual screens of compound data bases [4, SD17, SD19, SD20]. Most probably, the discrepancy arises from the indistinctly used in vitro and in vivo data and the confusion thereof, since in vitro experiments lack the metabolic fate of blood and liver biotransformation in living animals. The specific deacetylation is carried out by deacetylases in all mammalians and nonspecific esterases for drug metabolism are generally found in blood, liver, kidneys and intestine. Nonetheless, the deacetylation through ester cleavage may also occur in a nonenzymatic way. A text book rule of thumb states "electron-withdrawing substituents on an aryl system of an ester enhance nonenzymatic hydrolysis by nucleophilic attack of bases (H 2 O or OH -)" [SD23, SD24] . The hydrolysis rate for the cleavage of esters in aqueous solution depends on the electronic influences of substitution patterns (mechanistic reactivities). Besides NTZ, the study encompasses one benzologue (B01) with an acetylated hydroxyl group connected to a nitro group through resonance. The bond conjugation can be described as a mesomeric "ortho" effect which in turn parallels a known case study of para-nitrophenyl benzoate esters. They are more reactive than the corresponding benzoate esters themselves because of the strongly electronwithdrawing nitro group (-I, -M effects). In addition, the NTZ structure can be regarded as an acetylsalicylic acid (aspirine) derivative which is known for its acetylation capacity of COX target enzymes [SD25] . The common amide group bridging the two aromatic systems seen on all congeners is by far more stable for four reasons: (i) it is part of an extended push -pull system between an electron-rich and a phenyl ring system; (ii) the decreasing hydrolysis rate for acidic halids > acidic anhydrides > esters > amides (R-CO-Cl > RCO-O-CO-R > R-CO-OR > R-CO-NH-R); (iii) the higher stability -measured as lower pK a values of its conjugate acidic form -of the leaving group leads to a greater hydrolysis rate (HCl > R-COOH (here: R = -CH 3 ) > R-OH > R-NH 2 ); and finally (iv) the amide group lies in between two substituted (bulky) rings reducing the hydrolysis rate by sterically hindering the approaching nucleophilic/base (OH -). The leaving group acetate (CH 3 -COO -) is also favored because nonenzymatic base-catalyzed hydrolysis reacts more swiftly if the carboxyl group is not conjugated with a pi-electron or aryl systems.
Pitfall: Prodrug Function and Instable Products of Synthesis
To date, it remains unknown whether TIZ alone is the active moiety or not. NTZ may constitute an inactive prodrug, or on the contrary NTZ can be considered as active agent, too. Intriguingly, besides B01 and NTZ itself, no further member of the two series bears an acetyl group on the phenyl ring, which infers that it may be not prerequisite for activity. In vivo, enzymatic acetylation may occur throughout the living body with an inversed consequence of having all compounds decorated with the acetyl group like NTZ and B01 (Table 4) .
Pitfall: Experimental Errors and Inappropriate Bioassays
In our case we obtained a mean value out of three replicates, but could not seize the individual values from the students' laboratory journal, and thereof inspect the data spread and determine statistical means, like the standard deviations etc. 
Pitfall: Data Size and Variety
The two compound groups including the two reference drugs comprise 22 tested molecules and the chemical variability is fairly limited which also effects the even distribution of chemical representatives in the training and test sets ( Table 4) . If the representiveness is at stake due to a small amount of chemical group members, random distribution may deliver uneven or inhomogeneous sets for training and testing. For instance, if there are only 2 ester members among 30 otherwise bonded molecules, the chance to see both esters in one set is higher than to see one in each set. So, hand-selecting would be a work around to put one ester in the training set and the other into the test set.
Pitfall: Meaningless Descriptor Selection
Concerning the molecular descriptor Dipole moment (DM), it depends on the geometry or conformation, for this reason is not a commonly considered parameter in QSAR studies ( Table 5) .
Pitfall: Collinearity and overfitting
If seen as (property) vectors in (chemical) space, two differently named parameters could load the same basic features, thusly expressing redundancy (Collinearity problem). If the two (or more) descriptors are determined with differing concepts (algorithms) they could lead to a larger "spread" of allowed points in (vector) space. Figuratively, their vectors partially load desired features but also unwanted aspects from the differing numerical approaches, all of which leads to an apparent improvement. But the gain reflects only "impurities" (unwanted aspects), that tolerate value deviations in the experimental and computed variables. Inversely, in the present case, lipole and dipole are based on the same algorithm, which is fed with values only differing by the physical measurement units: dipole computes partial (atomic) charges, while lipole calculates with partial (fragmental) lipophilicities. The hidden overlap here is given when the charges are mapped as electron densities which reflect polar and nonpolar zones, which in turn stand for hydrophilic and hydrophobic molecular segments, for instance, projected onto the molecular surface as PSA (non/polar surface area). To reduce this unnatural plasticity (and for other reasons like overfitting) it is mandatory to reduce the number of descriptors in the final equations.
Supplementary Data #9 NEW ANTIPROTOZOAL MOLECULAR DESIGN BASED ON GENERATED QSAR EQUATIONS
The 3D QSAR equation with the highest predictive power (equation JL-1) was employed to design a new antiprotozoal molecule. Based on the most active molecule treated in this study (here: pIC50=8.3), we examine the effect in the selected descriptors of different substituents in the molecular scaffold of large thiazole derivatives (most active molecules), which show the best biological activity values (threshold=8.3). The designed molecule is shown in the Suppl. Fig. SD4 . A chemical inspection of molecular structure suggest a little deviation of the phenyl ring in relation of the thiazol ring plane due the formation of an Hydrogen bond between the ether Oxygen and the near proton, very similar with X-ray structure of NTZ. Since we are employing a QSAR equation considering crystal structure of NTZ, we have to imitate this 3D conformation as possible.
Curiously, when we evaluate the new designed compounds with both equations (generated by MLR from crystal conformation and mathematical regularization), we can observe the highest pIC50 predicted value in both cases (different values). 
BUILDING QSAR EQUATIONS BY MATHEMATICAL REGULARIZATION
A way to build a QSAR linear equation begins accepting the smooth local dependence of the biological activity to molecular descriptors surrounding the scaffold. By first order Taylor´s formula it is possible to obtain a linear approximation of the activity in a neighborhood of x0, as function of a vector of molecular descriptors.
Our goal is to find unique vector a with a correct dimension, such that Given an activity´s measurements set from the sample, we will assume that the error Є is an unbiased and bounded variance statistic .The error is like in a MLR problem, but in this case we proceed from viewpoint of regularization theory [SD26, SD27] .
To the case exposed in this article we worked with a matrix from a previously selected sample of descriptors with QSAR chemistry sense. We opted to use regularization techniques because we had few information about the error order, further, the smallest singular value was less than 10^-1.
The parameters identification problem was solved by proposing a= a λ, where a λ is Tikhonov's solution with regularization parameter λ, that is, the solution of the optimization problem pIC50 x = a λ ·x + pIC50 0 ; min aЄR n {||X'a -pIC50'|| 2 + λ 2 ||a|| 2 } ; the natural n denotes how many descriptors were previously selected (n<m), while X' is the matrix with xi -x0 as i-th row, and the coordinates of pIC50' are of the form pIC50 xi -pIC50 x0 .
Tikhonov's solution is here an alternative to the usual MLR problem with coordinates' origin at (x 0 ; pIC50 x0 ) and null the independent coefficient.
The L-curve technique was employed to choose the regularization parameter λ. Our results about it are summarized in Suppl. Fig. SD5 .
Without the activity data for the scaffold, we had to get an alternative for this development. A molecule in the family with the smallest squared residuals sum observed was chosen instead of scaffold. Results of the linear fit by Tikhonov's solution can be appreciated in Suppl. Fig. SD6 . 
Equation of
Tikhonov, for vector a λ optimization problem for QSAR models: min aЄR n {||X'a -pIC50'|| 2 + λ 2 ||a|| 2 }; X' and pIC50' are matrices for the measures of descriptors and regression.
Regarding the LOO cross-validation procedure, we present a mathematical regularization:
The QSAR equation as regularized solution of an ill posed inverse problem is an alternative way to get a linear model of activity, depending on a pre-selected set of molecular descriptors (a priori information).
Our main idea in problem formulation from this point of view is that any molecule in the family, seen as vector of molecular descriptor values, can be understood as a perturbed state of another molecule in the family which works as the geometric center of the family.
In more general terms, procedures like our in association with the given selected descriptors, the so-called regularization techniques are an appropriate alternative to the statistics. 
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